The homotopy analysis method HAM is applied to obtain the approximate analytic solution of a constant accelerated flow for a third-grade fluid in a porous medium and a rotating frame. HAM is an analytic technique which provides us with a new way to obtain series solutions of such nonlinear problems. The approximate analytic solution for constant accelerated flow is obtained by using HAM. HAM contains the auxiliary parameter , which provides us with a straightforward way to obtain the convergence region of the series solution. Graphical results are plotted and the consequences discussed. The obtained solutions clearly satisfy the governing equations and all the imposed initial and boundary conditions. Many interesting results can be obtained as the special cases of the presented analysis. The influence of the material parameters of a third-grade fluid and rotation upon the velocity field is finally deliberated.
Introduction
It is difficult to solve nonlinear problems, especially by an analytic technique. The homotopy analysis method HAM 1, 2 is an analytic technique for nonlinear problems, which was initially introduced by Liao in 1992. This method has been successfully applied to many nonlinear problems in engineering and science, such as the magnetohydrodynamic flows of non-Newtonian fluids over a stretching sheet 3 , the boundary-layer flows over an impermeable stretched plate 4 , the nonlinear model of the combined convective and
Governing Equations
Consider an incompressible third-grade fluid occupying the space z > 0. The plate at z 0 is moved with a constant acceleration A in the x-direction for t > 0 and induced the motion in the fluid. Both the fluid and plate are in a solid body rotation. Initially the fluid and plate are at rest. The laws which govern the flow are 33
in which V is the velocity, ρ the fluid density, t the time, p the hydrostatic pressure, T the extra stress tensor, Ω the constant angular velocity, and r the radial coordinate with r 2 x 2 y 2 . The extra stress tensor T in a third-grade fluid is 33
Here μ is the dynamic viscosity; α i i 1, 2 and β j j 1, 2, 3 are the material constants. The kinematical tensors A n are
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The thermodynamics of the fluid requires that 34
Therefore, 2.3 can be written as
Since the plate is infinite, so the velocity field V for the present flow is
which together with the incompressibility condition yields w 0 u, v, and w are the velocities in the x, y, z directions, resp. . Substituting 2.6 and 2.7 into 2.2 , one obtains 
The boundary and initial conditions now are
The above equation can be normalized using the following dimensionless parameters:
Accordingly, the above equations, after dropping the asterisks, take the form
2.19

Essential Ideas Related to the Homotopy Analysis Method (HAM)
Consider a nonlinear equation in a general form:
where N is a nonlinear operator and u r, t is unknown function. Let u 0 r, t denote an initial guess of the exact solution u r, t , / 0 an auxiliary parameter, H r, t / 0 an auxiliary function, and L an auxiliary linear operator, Q ∈ 0, 1 as an embedding parameter, and by means of homotopy analysis method, we construct the so-called zeroth-order deformation equation
It is very significant that one has great freedom to choose auxiliary objects in HAM in accordance to the rule of its solution expression.
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In many cases, by means of analyzing its physical background, its initial/boundary conditions, and/or its type of nonlinearity, we might know what kinds of base functions are proper to represent the solution, even without solving a given nonlinear problem. Furthermore, it is important to obey the rule of solution expression denoted by Liao 1 , and thus the auxiliary function H r, t should be chosen so that the particular solution of the high-order deformation equations e.g., 3.8 must be expressed by a sum of the base functions. Note that we have established the initial and base functions founded on boundary conditions.
Clearly, when Q 0, 1 it holds φ r, t; 0 u 0 r, t , φ r, t; 1 u r, t , 3
respectively. Then as long as Q increases from 0 to 1, the solution φ r, t; Q varies from the initial guess u 0 r, t to the exact solution u r, t . Liao 2 by the Taylor theorem expanded φ r, t; Q in a power series of Q as follows:
where
The convergence of the series 3.4 depends upon the auxiliary parameter , auxiliary function H r, t , initial guess u 0 r, t , and auxiliary linear operator L. If they are chosen properly, the series 3.4 is convergent at Q 1, one has u r, t u 0 r, t
According to definition 3.5 , the governing equation can be inferred from the zeroth-order deformation equation 3.2 . We define the vector where
3.9
Theorem 3.1 Liao 2 . As long as the series 3.6 is convergent, it is convergent to the exact solution of 3.1 .
Note that homotopy analysis method contains the auxiliary parameter , which provides us with the control and adjustment for the convergence of the series solution 3.6 . 
HAM Solution
1 − Q L f η, τ; Q − f 0 η, τ; Q Q N f η, τ; Q , f 0 η, τ τe −η , N f η, τ; Q ∂f η, τ; Q ∂τ 2iΩ 1 f η, τ; Q − ∂ 2 f η, τ; Q ∂η 2 − a ∂ 3 f η, τ; Q ∂η 2 ∂τ − 2b ∂ ∂η ⎧ ⎨ ⎩ ∂f η, τ; Q ∂η
4.9
The analytic solution given by 4.9 contains the auxiliary parameter , which influences the convergence region and the rate of approximation for the HAM solution. In Figures 1 a and  1 b , the -curves are plotted for f η, τ ,ḟ η, τ when η τ 0.1, a 0.1, b 0, and Ω 1 1 at 4th-order approximation for real and imaginary part of f η, τ , respectively. As pointed out by Liao, the valid region of is a horizontal line segment on the -curve graph, and this is obviously shown in Figures 1 a and 1 b . It is clear that the valid region for this case is −1 < < 0.5; that is, both Figures 1 a and 1 
HAM Results and Discussions
The aim of this section is to address the influence of several pertinent parameters on the dimensionless velocity field components. In this paper, the homotopy analysis method HAM 2 is applied to obtain the solution of the nonlinear differential equation 2.17 with conditions 2.18 . HAM provides us with a convenient way to control the convergence of the approximation series, which is a fundamental qualitative difference in analysis between HAM and other methods. 
Concluding Remarks
In this paper, the unsteady rotating flow engendered by a constant accelerated plate has been studied via the use of the homotopy analysis method. From the presented analysis, results for the real and imaginary parts of the velocity field are presented. It is observed that at τ 1 and different values of Ω 1 , the flow characteristics in a third-grade fluid are similar to that of Newtonian fluid. Thus, these examples show the flexibility and potential of the homotopy analysis method for solving complicated nonlinear problems in engineering.
